Background: The aim of our study was to find out whether exercise of the pelvic muscles during vaginal delivery increases maternal and cord blood irisin levels. Methods: This prospective study included 20 patients who vaginally delivered their babies and 20 patients that underwent elective cesarean section. In the vaginal delivery group, delivery occured either spontaneously or by induction. In the other group, the patients were electively operated before uterine contractions started. We compared serum irisin levels of the two groups and cord blood irisin levels of the babies of these mothers. Results: There was no statistically significant difference in maternal serum irisin levels between the two groups (p > 0.05). We also found no statistically significant difference in cord blood irisin levels (p > 0.05). The positive correlation between maternal and cord blood irisin levels was found to be statistically significant (p < 0.05). We also detected a significant positive correlation between maternal irisin levels and BMI in our study (p < 0.05). Conclusions: Irisin is a challenging molecule. Although we did not find a significant difference in the irisin levels of women according to the method of delivery, we feel that further investigations are warranted.
Introduction
Irisin is a recently known adipomyokine that has several beneficial effects on metabolism. Contrary to studies suggesting that an increase in plasma irisin levels and skeletal muscle biopsy materials occurs after exercise, no statistically significant difference was found. Owing to the fact that irisin exerts favorable effects on human metabolism, further investigations are needed to clarify its functions.
Myokines are regulatory molecules that are released from skeletal muscles into the circulation through physical activity, beta-adrenergic stimulation, cold and some coactivators [1] . Thus, the skeletal muscle has been classified as a secretory organ [2] . By regulating the function of so many end organs, myokines act as endocrine hormones. Irisin is an adipomyokine formed by the cleavage of a muscle tissue protein, fibronectin type III domain 5 (FNDC5), by an unknown protease in the skeletal muscle of both humans and mice [3] . FNDC5 regulates the activation of thermogenesis and leads to heat formation in brown adipose tissue (BAT) by increasing the mRNA expression of a protein known as uncoupling protein-1 (UCP1). Exercise leads to energy expenditure in the skeletal muscle by inducing the expression of the FNDC5 gene via mediation of peroxisome proliferator activated receptor-γ (PPARγ) and coactivator 1-α (PGC1α). PGC1α is also vital for mitochondrial biogenesis. Thus, PGC1α plays a major role in both energy and oxidative metabolisms [3] .
In some studies, it was observed that irisin is involved in the conversion of white adipose tissue (WAT) to BAT, which leads to an increase in energy consumption [3] . WAT in humans contains fatty acids and a few mitochondria [4] . Moreover, they are thought to be responsible for insulin resistance [5] . WAT is also known as an endocrine tissue due to the secretion of leptin [6] , ghrelin [7] and irisin [8] . Unlike WAT, BAT includes many mitochondria whose membranes involve UCP1 [9] . UCP1 pushes protons from the intermembrane space into the mitochondrial matrix, leading to temperature release instead of adenosine triphosphate (ATP) synthesis [10] . Thus, with the awareness of the hormone irisin, the function of BAT in adults was revealed [3] .
Irisin was shown to be affected by exercise; in fact, exercise exhibits positive effects on metabolism via irisin [2] . By converting WAT to BAT, irisin improves glucose tolerance and insulin sensitization, which leads to a decrease in the risk of type 2 diabetes mellitus [11] . Compared to a cesarean section, vaginal delivery requires much effort. Moreover, a pregnant woman has to use her skeletal muscles effectively to push the baby during uterine contractions. Thus, vaginal delivery is not a negligible exercise. We intended to compare the effects of vaginal delivery with elective cesarean section on irisin levels. To the best of our knowledge, regulation of irisin hormone in pregnant women during labor has not been investigated.
Materials and methods
The study protocol was approved by the Ethics Committee of the medical science university İstanbul Ümraniye Medical and Research Hospital where the study was carried out. Informed consent was obtained from all the patients. Twenty patients who vaginally delivered their babies and 20 patients who underwent scheduled cesarean sections were included in the study. In the vaginal delivery group, the delivery occured either spontaneously or by induction. In the cesarean section group, the patients were electively operated before uterine contractions started. We compared serum irisin levels of the two groups and cord blood irisin levels of the babies of these mothers. We aimed to investigate whether exercise of the pelvic muscles during vaginal delivery increases serum irisin levels.
Indications of cesarean section were accepted as prior or repeated cesarean section, history of uterine surgery, abnormal presentation and disproportion. Patients with pregestational and gestational diabetes mellitus, morbid obesity [body mass index (BMI) > 30], chronic hypertension, preeclampsia, prior renal disease or renal insufficiency, liver disease, history of smoking and chronic alcohol consumption were excluded from the study. Fetal anomalies, multiple gestations, fetal macrosomia, intrauterine growth retardation and polyhydramnios were the other exclusion criterias. All the participants were similar in terms of ethnic and socioeconomic characteristics.
Maternal venous blood samples from both groups were drawn immediately after delivery from the antecubital vein into biochemical tubes. Immediately after delivery, an approximately 15-cm long segment of the umbilical cord was double clamped to obtain a fetal blood sample. Blood samples were transferred within 20 min of sampling into special containers on ice and were centrifuged for 5 min at room temperature. The supernatant plasma was separated and stored in a deep freezer (−80 °C) for <6 months until assay. Irisin levels were measured using enzyme immunoassay (EIA) (Catalog No: CK-E90905; Hangzhou, Eastbiopharm, Co., Ltd., Hangzhou, China). All measurements were performed following the manufacturer's recommendations. First, reagents, samples and standards were prepared. The prepared samples and standards were added together with a second antibody labeled with biotin and the ELISA solutions, and allowed to react for 60 min at 37 °C. The plate was then washed five times. Chromogen solutions A and B were added. The samples were incubated for 10 min at 37 °C for color development. Then, a stop solution was added. An optical density (OD) value was read within 10 min and calculations were performed. The lowest detectable concentration of irisin was 6.8 ng/mL, with intra-and interassay coefficients of variation being <10% and 15%, respectively.
Furthermore, Huh et al. [12] noted that repeated freezing and thawing of the samples did not cause significant changes in irisin levels because the serum and plasma concentrations of irisin were very similar. These data might explain the assumption that using additive or nonadditive tubes to collect the samples would not have had an effect on the measurement of irisin levels.
Glucose, insulin and HbA 1c were determined with standard laboratory methods. Insulin resistance was estimated by a homeostasis model assessment of insulin resistance (HOMA-IR), which was calculated according to the following formula: HOMA-IR = [fasting glucose (mmol/L) × fasting insulin (mU/mL)]/22.5. Maternal BMI values (kg/m 2 ) were calculated prior to delivery as the ratio of the weight (kg) to the square of the height (m).
In the statistical description of the data, the values of mean, standard deviation, median, frequency and ratio were used. The distribution of the variables was assessed with the Kolmogorov-Smirnov test. In the analysis of quantitative variables, the Mann-Whitney U-test and the independent samples t-test were used. Pearson's χ 
Results
There were no statistically significant differences in maternal serum irisin levels between the cesarean section and vaginal delivery groups (p > 0.05) ( Figure 1 ). We also found no statistically significant differences in cord blood irisin levels between the two groups (p > 0.05) (Figure 2 ).
When we compared the two groups in terms of age, height, systolic blood pressure, diastolic blood pressure, gravidity, parity, number of abortions and curettage, we found no statistically significant differences (p > 0.05). Maternal weight and BMI were found statistically higher in the cesarean group than in the vaginal delivery group. The number of previous cesarean sections was statistically higher in the cesarean group (p < 0.05), whereas the number of previous vaginal deliveries was found to be statistically higher in the vaginal delivery group (p < 0.05) ( Table 1) .
We did not detect any statistically significant differences between the two groups in terms of gestational week of delivery, sex, weight and height of the babies and the level of HbA 1c (p > 0.05). The fasting glucose levels, insulin levels and HOMA-IR values were found to be statistically lower in the cesarean section group than in the vaginal delivery group (p < 0.05) ( Table 1) .
The positive correlation between maternal and cord blood irisin levels was found to be statistically significant (p < 0.05). There was a significant positive correlation between maternal irisin levels and BMI (p < 0.05). The correlation of maternal irisin levels and parameters such as age, height, weight, systolic and diastolic blood pressures, gravidity, parity, number of abortions, curettage, vaginal delivery and cesarean section, duration of labor, weight and height of the baby and fasting glucose, HbA 1c , insulin and HOMA-IR levels were also investigated. No significant positive correlations were found (p > 0.05) ( Table 2) .
We found a significant positive correlation between cord blood irisin levels and weight of the mothers (p < 0.05). No significant positive correlations were found between cord blood irisin levels and any of the other parameters investigated such as age, height, BMI, systolic and diastolic blood pressures, gravidity, parity, number of abortions, curettage, vaginal delivery and cesarean section, duration of labor, weight and height of the baby and fasting glucose, HbA 1c , insulin and HOMA-IR levels (p > 0.05) ( Table 2 ).
In the vaginal delivery group, no statistically significant difference in maternal irisin levels was found between the patients who underwent induction and those who did not (p > 0.05). No statistically significant difference in maternal irisin levels was found in the vaginal delivery group between the patients who underwent episiotomy and those who did not (p > 0.05) ( Table 3 ).
In the vaginal delivery group, no statistically significant difference in cord irisin levels was found between the babies whose mothers underwent induction and those whose mothers did not (p > 0.05). No statistically significant difference in cord irisin levels was found in the vaginal delivery group between patients who underwent episiotomy and those who did not (p > 0.05) ( Table 4) .
Discussion
Irisin is a recently known adipomyokine that has several beneficial effects on metabolism; research into its alteration is, thus, exciting. In the literature, there are studies investigating its relation with exercise. Boström et al. [3] showed that irisin is involved in the conversion of white fatty tissue to brown fatty tissue, leading to the production of heat instead of ATP. In their study, they found that FNDC5 mRNA increased in the skeletal muscle of mice and humans after exercise [3] . In the light of this study, many researchers were interested in the irisin molecule to determine whether it was induced by exercise or not. Although Lecker et al. [13] did not measure plasma irisin levels in their study, they compared the FNDC5 mRNA levels of the two groups, a total of 24 patients, subjected to low and high aerobic exercise with systolic heart failure and found higher FNDC5 mRNA levels in the high exercise group. In another study, a 10-week aerobic exercise program was completed by non-diabetic male patients and it was declared that post-exercise irisin levels were twice the previous levels [14] .
Whether heat or exercise was a bigger stimulant of irisin secretion was also investigated. Aydin et al. [15] compared the irisin levels of two groups that were subjected to either a 45-min run or a 45-min shower in a hot Turkish bath. They revealed that the increase in irisin levels was higher in the shower group. They also found that the increase was higher in obese patients compared to the control ones [15] . However, Lee et al. [16] in their reports suggested that exposure to cold caused an increase in circulating irisin levels proportional to the strength of shivering.
Brenmoehl et al. [17] emphasized that irisin was secreted as an acute response to exercise; despite this, they also reported the existence of irisin in the muscle and serum of mice independent of exercise. Studies of irisin also highlighted possible reasons of increased fat destruction and less obesity at younger ages [18] . Aydin et al. showed not only an increase in irisin after swimming exercise in mice but also the difference in levels of irisin in young and old mice. They reported that the tissues of young rats contained more irisin so that obesity was less common in them [18] .
Contrary to studies suggesting that an increase in plasma irisin levels and skeletal muscle biopsy materials occured after exercise, we found no statistically significant differences either in maternal serum irisin levels or in cord blood irisin levels between the cesarean section and vaginal delivery groups (p > 0.05). Joung et al. in their study found a significant positive linear correlation between cord blood irisin levels and birth weight. According to their study, small for gestational age (SGA) infants had significantly lower irisin levels [median 55.38 (46.56-65.72) ng/mL] compared to appropriate for gestational age (AGA) infants [64.41 (53.87-76.76) ng/mL] and large for gestational age (LGA) infants [68.70 (54.78-79.09) ng/mL] (p < 0.01). When we compared the cord blood irisin levels in our study with the cord blood levels in the study of Joung et al. [19] , we found that the median levels of irisin in both cesarean section and vaginal delivery groups [1782 (1106-2655) ng/mL and 1654 (1140-2642) ng/mL, respectively) were apparently higher than the median level detected in their study [63.25 (53.99-74.60) ng/mL]. Compared to a study of circulating levels of irisin in healthy adults [20] , the maternal irisin levels we detected in both cesarean section and vaginal delivery groups were apparently higher [median: 162.2 (133.5-206.9) ng/mL vs. 1780 (1143-2471) and 1608 (1114-2339) ng/mL, respectively]. Bakaa et al. in their study showed that fetal irisin Table 3 : Effects of induction (n = 14) and episiotomy (n = 17) on maternal irisin levels in the vaginal delivery group (n = 20).
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Min-max As a result, we found approximately 28-fold higher cord blood irisin levels with the irisin ELISA kit (CK-E90905; Hangzhou) compared to the irisin ELISA kit (EK 067-52, Phoenix Pharmaceuticals, Burlingame, CA, USA) that was used in the study of Joung et al. [19] . We also found approximately eight-fold higher cord blood irisin levels with our ELISA kit compared to the ELISA kit (Phoenix Pharmaceuticals Inc, Karlsruhe, Germany) that was used in the study of Bakaa et al. [21] .
Prior evidence in the literature indicates that irisin may vary depending on the kits used. Irisin results differ according to the irisin assays [22] , and some irisin ELISA kits have been validated [12, 23] . Irisin was measured using a commercially available EIA kit. The validity of several kits revealed that the antibodies can cross-react with some nonspecific proteins leading to variation [24] . Irisin was shown to be present in human plasma via tandem mass spectrometry, which is the gold standard for the measurement of irisin. As the technique is expensive, Polyzos and Mantzoros used the EK-067-29 kit (Phoenix Pharmaceuticals, Inc.), which has been validated via Western blotting and mass spectrometry [24] . They showed that the EK-067-29 kit can detect endogenous and exogenous irisin levels precisely in humans. They also showed that the Aviscera irisin ELISA kit [Phoenix Pharmaceuticals (EK-067-52)] correctly detects both endogenous and exogenous irisin at physiological concentrations [24] .
In the study of Winn et al. [25] , plasma concentrations of irisin were measured twice using the EIA kit EK-067-29 (Phoenix Pharmaceuticals, Inc., lot#606666) and the Adipogen International irisin ELISA kit (Liestal, Switzerland; Cat. #AG-45A-0046EK-KI01) to evaluate the agreement between kits.
Comparing the three kits (EK-067-52, EK-067-29 and Adipogen) in individuals with and without metabolic syndrome, Park et al. found the highest values with the Adipogen kit. They detected human irisin levels falling consistently in the linear range of the curve, which helps to reveal small differences among the samples [20] .
The limitation of our study was the period of time that the exercise of the pelvic muscles were exposed to. The exercise programs were continued for many weeks in most of the studies. We observed the acute effects. From another point of view, Aydın et al. [18] demonstrated that irisin was present in many tissues, especially in the perimysium of the skeletal muscle at rest, in their immunohistochemistry study. They also revealed increased levels of irisin in the peripheral nerves of the skeletal muscle. Thus, they reported that irisin levels do not depend on exercise. If so, it was related with the peripheral nerves of the skeletal muscle [18] . This result of their study is consistent with ours and explains why we did not find any significant differences between the groups.
Timmons et al. [26] investigated the association between the FNDC5 and exercise and reported that there was no significant difference in the FNDC5 mRNA levels in the skeletal muscle biopsy of the 24 young male participants after a 6-week intense exercise program. They also did not find any significant difference in the FNDC5 mRNA levels after following 43 participants between the ages of 20 and 80 years for a 20-week supervised resistance training program [26] . In another study by them, when they compared the skeletal muscle biopsies of 10 young participants with 10 old ones subjected to an endurance training exercise program, they detected a 30% increase in the post-exercise FNDC5 mRNA levels of the old subjects [26] . Even so, they emphasized that more studies were needed to reach an absolute decision [26] .
The studies reflecting negative results are not negligible. In the study of Hecksteden et al. [27] after a followup for 26 weeks, they could not show an increase in irisin levels with exercise three times per week. In line with those results, Raschke et al. [28] showed that after exercise, FNDC5 mRNA levels in the skeletal muscle biopsies of subjects did not differ from the biopsies before exercise. Concerning energy balance, by investigating the effects of a 6-month preventive resistance training program on resting metabolic rate and irisin in 74 subjects, ScharhagRosenberge et al. [29] reported that the change in resting metabolic rate did not correlate with the change in irisin levels.
Consequently, in our study, we did not find a significant difference in irisin levels of women depending on the method of delivery. Owing to the fact that irisin exerts favorable effects on human metabolism, further investigations are needed to clarify its functions.
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